SEMICONDUCTOR MEMORY DEVICE 
ADAPTIVE FOR USE . CIRCUMSTANCE 



Background of the Invention 

. 5 1. Field of the. Invention '". 

The .present invention relates to a' ' 
'semiconductor memory device, especially relates to a 
• " • DDR - S DRAM (Double Data Rate-synchronous Dynamic Random 

•';*..;:, / ', Access Memory).. -\ ' . . 

: - .10 2*. Description of .the' Related Art - r ' ■■■■'i ; '. • •'' 

•Recently, .SDRAM operating in synchronization 
";wi.t.h; a' clock signal for a main storage of a computer 
. . " Is disclosed in ■Japanese Laid .Open Patent applications 
• ( JP-P2 00 0 -4 03 63 A, JP - P2 0 0 0 - i 3 2 9 6 6A , »JP - P2 0 0 2 - 02 5 2 5 5 A, . 
1 5 . JP - P 2 0 0 0-2 68 565 and JP - P200 1- 093 280 :. .first. ; t o. fifth 
conventional examples) In order to improve a data 
transmitting speed, DDR-SDRAM and DDRII-SDRAM become 
•.general; which are characterized by that (1) a 2n-bit • 
pre-fetch method (n is an integer) is adapted and (2) 
, 20 a data is latched in response . to a strobe signal 

instead 'of a clock signal.' In the.'2n-bit pre-fetch 
method, data of twice of the number n . of -"" 
inputted/outputted bits are read and written at a 
, same'. 

• '25.. The DDR-SDRAM adapt ing • the ,2n-bit pre-fetch 

.method will be described bellow.. Fig. l shows the 
.circuit configuration -of the semiconductor memory, 



device of the first conventional example. A read 
operation as a memory operation (the memory access) 
will be described. The semiconductor memory - device of 
the first conventional example is composed of memory 
5. cell arrays 1 ■ and 2, row decoder circuits 3 and .4, ; 

sense .amplifier circuits 5 and 6, an address receiving 
circuit 7 , an address latch circuit 8 , an X. . address : 
^ . buffer circuit . 9, a Y-address buffer circuit 10, a- 
.'■•^command', receiving circuit 11, a command, decoder 
10 . ..circuit .12, a. ; clock, receiving circuit. 13 , a column. \ - ; 
.control circuit 14 , a data receiving circuit 15, a 
data strobe receiving circuit 16, a data latch circuit 
.17,. a write buffer circuit .18/ write amplifier 
. circuits 19 and 2 0.' and column decoder circuits 21 and 
15..; 22. ; This semiconductor memory device is provided for 
a computer . A CPU (Central Processing Unit) and a 
clock generator- (both are not shown) are also provided 
for \ the' computer . 

The memory cell array 1 is provided on. the 
20 side 'of . even and • the ' memory cell. array 2 is on the 
' side of odd. .Both of the memory cell arrays 1 and 2. 
. include memory .cells in a matrix manner JST rows and .M 
• columns (both of N and M are natural numbers) . . The N 
rows in the memory cell array ' 1 are connected to word 
25 lines, respectively". The word lines are connected to 
..the. row decoder circuit 3.' The M columns in the 
memory cell array • 1 are " connec ted to bit lines, 



respectively. The bit lines are connects .to the sense 
amplifier circuit 5 and column selection lines CSL. 
The column selection lines CSL are connects to the 
column decoder circuit 21. The N rows in the. memory 
cell array. 2 are connected to word lines, 
respectively. The word lines are connects - to the row 
decoder circuit 4. The M columns . in the memory cel. 1* 
array .2 are connected to a bit line. The : bit lines . • *' 
are connected, to the sense amplifier circuit .6 and 
column selection line's CSL., The. column .selection lines 
CSL are connected to the column decoder circuit 22.. . 

..The., clock . receiving circuit 13... inputs a clock 
signal CLK. from a clock generator to convert to a 
internal clock signal ICLK, and then outputs the 
internal^ clock signal - I CLK to the address latch 
circuit 8, the Y-address buffer circuit' 10, the- 
command decoder circuit 12, the column control circuit 
14 and the .data latch circuit 17. The address. ■ 
receiving circuit 7 inputs an address ADD -from the CPU 
and 'converts to .an address CADD in .accordance with an" 
internal command, and then outputs the address to .the 
address latch circuit . 8 .in .' response to .the clock 
signal CLK. ' The address latch circuit 8 receives the 
address' CADD! from the address receiving circuit 7 in 
response to the clock signal CLK, and outputs as an . 
address IA to the X-address buffer, circuit '9 and' Y-. 
address buffer circuit 10 in synchronization with the' 



internal clock signal ICLK. 

The command receiving circuit 11 inputs a CSB 
(chip selection bar) signal, a RASB (row address 
strobe bar) signal, a CASB (column address strobe bar) 
signal, and a WEB (write enable bar) signal from the- 
CPU in response to the clock signal CLK." Then, the 
command receiving.'. circuit 11 inverts these signals 
into a. CCS signal, a CRAS signal, a CCAS signal and a 
CWE signal to output them to ; the command decoder - 
circuit 12 . 

The command decoder circuit 12 -inputs . the CCS 
signal, .the ..CRAS signal , the CCAS signal, -and the CWE 
signal and outputs an active Y-address buffer control 
signal YAL to. the Y-address buffer circuit 10 and the 
column control circuit 14 in synchronization with the'.- 
internal clock signal ICLK. Also, the command, decoder 
circuit 12 outputs an active Y-address buffer .control . ■ 
signal NYAL to the Y-address buffer circuit 10 and the 
column control- circuit 14 synchronization with the 
next clock of , the internal clock signal' ICLK. When a 
CWE signal indicates a write operation, the command 
decoder circuit- 12 outputs an active command signal 
WBST-to the column control circuit 14 in 
synchronization with the internal clock signal ICLK. 
Also, when the CWE signal indicates a read operation, 
the command . decoder circuit . 12 * outputs an inactive : 
command signal WBST- to. the column control .circuit 14 



in synchronization with the internal clock signal 
ICLK. 

An X-address buffer circuit 9 inputs an 
address IA from the address latch circuit 8. When the 
address IA is X-address (a row address), an address XA 
is outputted to the row decoder circuits 3 and 4. The 
row decoder circuits 3 and 4 decode the address XA . . 
supplied from the .X-address buffer circuit 9 and drive 
word lines connected to the memory cells of the memory 
cell , arrays 1 and 2. in response to the address . XA . . >" : 
The Y-address buff er circuit .10 receives the address 
IA' from the address latch circuit : 8 in synchronization 
with the internal clock signal ICLK, . and outputs the 
address YA . to the column decoder circuits 21 and 22 in 
response to the Y-address buffer .control signals YAL, 
and NY AIi , when the address IA is a Y-address (a column 
address) , - ' . - . 

When, a command signal WBS-T from the . command . ' 
decoder circuit 12 is' active, the" column control 
circuit .14 . inputs the Y-address buffer control signal 
-YAL, and outputs an active write buffer' control' signal 
WO to .the .write buffer circuit 18 in response to the 
Y-address- buff er control signal YAL . Also, when the 
command signal WBST. supplied from the command decoder ' 
circuit 12 is inactive, the column control circuit 14 
inputs the- Y-address buffer control signal NYAL, and 
outputs an active write buffer control signal WO to 



the write buffer circuit 18 in synchroni zat ion with 
the internal clock signal ICLK. ■ 

The column control circuit 14 outputs an 
active column selection line control signal YSEL to 
the column decoder circuits 21 and 22 in response to 
the Y-address buffer control signals YAL and NYAL . : 
When the command - signal WBST is active, to indicate a 
write operation, the column control circuit 14 outputs 
the active . write amplif ier .control signal WAE in . 
response to the Y-address buffer -control signals YAL . 
and NYAL . The column decoder circuits 21 and -22 
decode the address YA from, the Y-address buffer ,.v *' 
circuit .10 and drive - the column selection line CSL . . 
connected . to -the memory cells of the memory cell 
arrays 1 /and . 2 in response to the address YA . 

-The data receiving circuit 15 rece ives \ a data 
DQ from the CPU in response to the clock signal CLK, 
and outputs the data DQ as a data CDQ to the . data . 
latch circuit 17. The data strobe receiving circuit 

16 receives a - data strobe DQS. in synchronization with 
the clock signal. CLK f rom ' the c lock generator, and. 
outputs a data .strobe CDQS to the data latch 'circuit 

17 . The ..data latch circuit. 17 latches the data CDQ 
from the data receiving circuit 15 in response to the 
data strobe CDQS , and. outputs data IDQ to the write 
buffer circuit 18 in synchronization with the "internal 
clock signal ICLK. The write buffer circuit 18 



outputs a WBUS . signal to the write amplifier circuits 
19 and 20 in response to light buffer control signal 
WO from column, control circuit • 14 . The write 
amplifier circuits 19 and 20 outputs the WBUS signal 
outputted from .the write buffer circuit 18 as a write 
input data 10 in response to . the write amplifier 
control signal WAE from column control circuit 14 . 
The sense amplifier c ircu.it s 5 and : 6 supply the bit 
line with a voltage and amplify the electric potential 
on the bit lines connected to the memory cell of. - 
memory cell arrays 1 and 2 , when the word lines have . 
'■keen'*;, driven by row' "decoder, \circuits * 3 and 4.. 

Next,., the write operation of the ■" ; ' 
semiconductor memory device of /the first conventional 
example .will be described. In. the initial operation, 
the address receiving circuit .7 inputs the X-address 
as an address ADD in synchronization . with' the clock 
signal CLK and output the address CADD (address XA) • 
the address latch, circuit. .8 latches the address CADD 
in synchronization with the internal clock signal I CLK 
and output the address CADD (address XA) as the 
address IA . Also, the X-address buffer- circuit 9 
inputs the address IA (address XA) and outputs the 
address XA to the row decoder circuits 3 and 4, the 
• row decoder circuits 3 and 4 decode the address XA ... 
from the X-address buffer circuit 9. and drive the word 
lines in accordance with the address. XA (the X- 
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address) . Moreover, the sense amplifier circuits 5 
and .6 supply the bit lines with a voltage and amplify 
the electric potentials on the bit lines connected to 
the memory cells of the memory cell arrays 1 and 2, 
5 when the word lines have been driven by the row 
decoder circuits 3,4. 

In case of the write operation, the WEB 
signal indicates the write operation, and the command 
receiving circuit 11 inputs the CSB, RASB , CASB , WEB 
. 10 . signals in synchronization with. the clock signal- CLK, 
then outputs- the commands the CCS , • CRAS , . CCAS , CWE 
signals to. : the command .decoder circuit 1*2 , and the 
address receiving circuit .7 inputs .the address Y0 as 
address ADD in synchronization with the clock signal 
15 .CLK, andoutputs the address CADD (address Y0) to the' 
address latch circuit 8 . Also, the data receiving 
circuit 15. inputs a data DO (even)., . Dl (odd), D2 
(even) , D3 (odd) as data DQ. in. synchronization" with 
the; clock signal CLK and outputs the data CDQ (data 
20 DO, :D1V D2, D3) , a bust length at this time is 4. 

The write operation will be now described ' 
bellow referring to Fig. 1. and Fig. 2. The timing 
when the command receiving circuit 11 inputs the write 
.command in synchroni zat ion with the clock signal. CLK 
25 is supposed to be PO . The clock . receiving circuit 
: detects the rising . edge of the clock signal CLK when 
the "clock receiving circuit inputs the clock signal 



CLK at the timing PO, PI, P 2 , P3 , . P4 , Then, the 

clock receiving circuit outputs the internal clock 
signal ICLK as an one-shot pulse signal at the timing 
TO, Tl, T2, T3, T4-; The data strobe receiving 

circuit ; 16 inputs the data strobe DQS in' 
. synchronization . with the clock signal CLK and outputs 
the' data strobe CDQS to the data latch circuit 17 at 
the ."timing PQ, PI, P2 , P3 , P4 , . The pulses of the 

internal clock signal ICLK are outputted to have a 
time difference of (PO-TO) , (Pl-Tl),, . (P2-T2) ,\ (P3-T3.) \ 
(P4-T4) , ... from the clock signal CLK. • 

•" • The data latch ..circuit 1 7 receives . a data. DO . 
(even) as the data , CDQ corresponding to the data DQ in 
response to- the rising edge of data strobe CDQS signal 
corresponding to DQS signal at the timing : P1 . A first 
data latch section (even) (not shown) of the data ■' 
latch circuit 17 latches the data DO ( even) . The data. 
DO (even) shown in Fig ... 2 indicates the data DO 
(even) . The data . latch circuit 17 receives a data Dl 
as the data CDQ' corresponding, to the data DQ in 
response to. the falling edge of the data strobe signal 
CDQS- corresponding to the data strobe signal DQS at '. -, 
.the timing PI. The second data latch section' (odd) 
(not : shown) of the data latch circuit 17 latches the 
data Dl. The dat a • Dl ( odd): shown" in Fig. 2 indicates 
the. data Dl (odd) . The data latch circuit .17 receives 
a data D2 as the data CDQ corresponding to the data DQ 



in response to the rising edge of data strobe CDQS 
corresponding to the data strobe. DQS at the timing P2 
in the. first data latch section (even). The data D2 . 
(even) shown in Fig;.. 2 indicates the data D2 (even).. 
The data latch circuit 17 receives a data D3 (odd) as 
the data CDQ corresponding to the data .DQ "in response 
to the falling edge of the data strobe 1 CDQS 
corresponding to the data strobe DQS at the timing. P2 
in the second data latch section (odd).. .The data D3 
(odd)/ shown in Fig. 2 indicates the data. D3 .(odd) ; ..; 
.The data latch circuit 17 latches the data DO (even). - , 
in the first data latch section and the data Dl (odd) 
.in the second data latch, sec t ion in .parallel to- the. 
third data latch, section (not shown) of the? data latch 
.. circuit i7 in " response to the rising edge of the ' 
internal clock signal ICLK at the. timing. T2 . Then, 
the data latch .circuit 17 outputs the -latched data DO 
(even) and data Dl (odd) as a data IDQ to the write; • 
buffer, circuit : 18 ; . The data latch circuit 17 latches 
the data D2( even) in. the first data latch " sect ion and 
the data D3 (odd) in the second data latch section in 
parallel to . the third data latch , sec t ion of the data 
latch circuit 17 in response to the rising edge of the 
internal' clock signal ICLK at the timing T3 . . Then, 
the data latch circuit 17 outputs' the latched data D2 
(even) and data ,D3 . (odd) as a data IDQ ■ .to" the. write 
buffer circuit 18... . 



The command decoder circuit 12 inputs the 
signals CCS, CRAS , CCAS, and CWE from the command 
receiving circuit 11. The command decoder circuit 12 
outputs the active signal WBST (high level) in 
response to the rising edge of the internal clock 
signal ICLK'at the timing TO to the. column control 
circuit 14. The command decoder circuit 12 outputs 
the active . Y-address buff er control signal YAL (high 
level) /as the one -shot pulse ■ signal in response to the 
rising edge of the internal clock signal ICLK at 'the 
timing T2 to : the; •Y-address buffer circuit 10 and the 
column control circuit 14 . . Then,; the command decoder 
circuit 12 outputs the active Y-address buffer control 
.signal. NYAL (high level) as the one-shot pulse signal 
in response, to the rising edge of the internal clock 
signal ICLK at the timing T3 to the Y-address buffer 
circuit 10 and the column • control circuit 14. The Y - 
address buffer .control signal YAL is the Y-address 
buffer control. signal in. the first- burst portion, and 
the Y-address buffer control signal NYAL is the ■ Y- 
address buffer control signal in the second burst 
.portion. Because the length of the burst is 4, a 
period from the timing- T2 to the timing T4 is the 
write burst period. 

• The column control circuit 14 inputs the Y- 
address buffer control signal YAL (the one-shot pulse 
signal) at the' timing T2 , when the signal WBST from 



"•-12- . 
the command decoder circuit. 12 is active.' At this 
time, the column control circuit 14 outputs the active 
write buffer' control signal W0_ (high level) as a start 
of the burst. period to the write buffer circuit 18 in 
.5 response to the Y-a'ddress buffer control signal. YAL; at 
. the timing T2 : The column control circuit 14 inputs: - .. 
• v the Y-address buffer control signal NYAL (the one-shot 
pulse signal) at the timing T3, when the signal .WBST . 
' from the command decoder circuit 12' is active . 'Then;' 
10 the column -control circuit 14 outputs the', inactive 

write buffer control, -signal wo (low level.) as; an end 
;.pf .;• the ..burst period to : the write buffer- circuit 18 in 
. : synchronization .with the internal. . clock signal ICLK at 
;''".■:< the t iming . T4 . V-.-;.v.-- : *" ■ • -.' 

15 As. mentioned above, the burst period 

\ indicates the period during which the write buffer • 

control signal WO is active . (high- level);.' At this 
'. time, .the write buffer circuit. 18 operates as the ' 
-. buffer of .da.t a latch circuit 17 . The write, buffer 
20 circuit. 18 outputs the data; DO \ (even), as the signal 

■"• WBUS to the write amplifier circuit' 19 and outputs the 
" / data Dl (odd) as the signal. WBUS to. the write :.; 

• amplifier circuit .20 in the • burst period during timing ■ 
T2 to T3 of the burst period . . The write buffer ■ 
25 circuit 18 output s the data , D2 . ( even) as the signal .. 

WBUS ■ to-.the write amplifier." circuit 19 and outputs .the 
data .D3 (odd)' as . the signal WBUS to the write 



amplifier circuit 20 in the burst period during timing 
T3 to T4 of the burst period. 

On the other hand, the address latch circuit 
8 receives the address CADD (an address Y0) from the 
address receiving circuit 7 in response to the clock 
signal CLK at the time P0), and outputs it as an 
address IA in' response to the rising edge, of the 
internal clock signal ICLK at the timing TO. The Y- 
: address buffer circuit 10 latches the address IA ■ 
(address YO) supplied from the address latch circuit .8 
as the address I A in an address latch section (not 
• shown) of - the Y-address buf f er circuit -10 .. . According 
to. the. 2n-bit pre- fetch, method, two kinds of Y- 
addresses of the address YO and the address Yl are 
output ted as address YA at. the timing: T2 . The address 
YO is the address corresponding to the column 
selection.line CSLO. of the column selection line CSL. 
connected to the memory cells of memory cell array 1 
on the side of even. -The address Yl is the. address 
corresponding to -.the column selection line CSL1 of the 
column selection line CSL connected to the memory 
cells of memory cell array 2 on the side of odd. 
Similarly to the timing T2 , two kinds of Y -addresses 
of the address Y2 and the address Y3 are outputted as 
address YA at the. timing ' T3 ; The ' address Y2 -is the 
address . .corresponding to the. column selection line 
CSL2 of the ' .column select ion line CSL connected to the 
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memory cells of memory cell array l on the side of 
even. The address Y3 is the address corresponding to 
the column selection line CSL3 of the column selection 
line CSL connected to the memory cells of memory cell 
5 array 2 on the side of odd. 

The relation of the address Y0 and the. 
.address Y2 , the relation, of the address Yl and the 
address Y3 are indicated by the equation Y2=Y0+2 and 
Y3=Yl+2. . Therefore) the Y-address buffer, circuit 10 
10 outputs the address YO (even) as the address YA to the 

column decoder circuit 21 and outputs, the address Yl 
. .. . (odd) as the address YA to the' column decoder circuit ; 
.':22 in response to the rising edge of the Y-address . • : 
buffer control signal YAL at the timing T2 . The Y- 
.15 address buffer, circuit 10 outputs the address Y2 

(even) as the address YA to the column decoder circuit 
21 and outputs- the address Y3 (odd) as the address YA 
to the. column decoder circuit 22 in response to the 
rising edge of the' Y-address buffer control signal 
20- NYAL -at the timing T3 . The column control circuit 14 ' 
.\ outputs the active column selection line control 
signal YSEL (high level) -to the column decoder 
.'circuits 21 and 22 and outputs the active write 
• amplifier control signal WAE (high level)' to the. write 
25 .amplifier circuits 19 and 20 in response to the Y- 
address buffer control' signal YAL at the timing T2 . 
The column control circuit 14 outputs the active 
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column selection line control signal YSEL (high level.) 
to the column decoder circuits 21 and 22 and outputs 
the active write amplifier control signal WAE (high 
level) to the write amplifier circuits 19 and 20 in" 
response to the Y-address buffer control signal NYAL 
at the timing T3. The column decoder circuit 21 sets 
a signal " transferred through the' column' selection line 
CSLO (even) to an active state (high level) in order 
to drive the. column selection line CSLO (even) .at the 
timing T2 in. response to the column selection line 
.control signal. YSEL at the timing T2 . The column 
decoder circuit 22 sets a .signal transferred through >. 
the. column .selection line CS LI (odd) to . an- active ' [ 
state' (high level) in order to drive the column 
selection line CSL1 . (.odd) at the timing T2 in response 
to the" column selection line control signal YSEL at 
the timing T2 . The column decoder circuit 21 sets a 
signal transferred through the column selection line 
CSL2 (even) to an active state .(high, level) in order 
to drive the column selection line CSL2 (even) at the 
timing T3 in response to the column selection line . 
control signal. YSEL at. the timing T3. The column 
decoder circuit 22 sets a signal .transferred through 
the column selection line CSL3 (odd) to an' active ' 
state (high level) in order to drive the column 
selection line CSL3 . (odd) at the timing\T3' in. response 
to the column .select ion line control signal' YSEL at 



the timing T3 . 

The write amplifier circuit 19 outputs the 
.signal WBUS (the data DO (even)) from the write buffer 

circuit 18 as the write input data 10 to the sense 
5 amplifier circuit 5 in response to the write amplifier 
control signal WAE at the timing T2 . The sense 
... -amplifier circuit 5 outputs the write input data IO 

(the data DO (even) ) from the write amplifier circuit. - 
'; 19 to the. bit. line.. The write input data IO. (the data 
.10 DO (even) .) is written in the memory cell (address Y0) 
, ; . . connected; to the. bit line . . 

The write .amplifier circuit 2 0. outputs the 
signal WBUS (the data Dl (odd) ) from the write; buffer V- 
: ; .circui t 18 as the write input data". IO to the sense 
.15 amplifier circuit. ,6 in response to the write -" amplifier . 
control signal WAE at the timing. T2 . The . sense 
amplifier circuit 6 outputs the write input data. 10 
(the data Dl (odd) ) from the write amplifier circuit 
20. to the bit line. The write input data IO (the. data 
20 Dl (odd))' is written in the memory cell (address Yl). 
connected to the bit line. The- write amplifier 
." circuit 19 -outputs the writes" bus WBUS (the data D2 ' ' 
(even) ) from the write buffer circuit 1.8- as the write 
input data -IO to. the sense amplifier circuit 5 in 
25 response' to .the write amplifier . control signal WAE at 
the timing- T3 . The sense amplifier circuit 5 outputs 
.the write input data IO.fthe data D2 (even)) from the. 



- 17 - 

write amplifier circuit 19 to the bit line. The write 
input data 10 (the data D2 (even) ) is written in the 
memory cell (address Y2 ) connected- to the bit line. 
The write amplifier circuit 20 outputs the writes bus 
5 WBUS (the data D3 (odd)) from the write buffer circuit 
18 as the write input data IO to the sense amplifier 
. circuit : 6 in response to the write amplifier control 
signal WAE at the timing T3 . The sense amplifier 
circuit 6 outputs the " write input data 10 (the data D3 
10- (odd) ), from the write amplifier circuit .20 to the bit • 
. line . The write input data IO ( the ' data D3 ( odd) ) i si 
written in the memory-cell .(address Y3) .connected to 
•the' bit line. ', ■ -V .• ' * \ 

■ . Further next, the read operation of ' the ... 
.15 semiconductor memory device of the first conventional . 
example will be described with reference to Fig. 3. 
The initial operation is same as the write operation. 
In case of^ the read operation/, the command WEB 
indicates a read operation. The command receiving 
20 circuit 11 inputs the signals CSB, RASB, CASB, and WEB 
in synchronization with the clock; signal CLK, ,and ■ 
outputs . -the . signals CCS , CRAS , CCAS ; and CWE to' the ' 
command decoder circuit 12 . The address receiving 
circuit 1 inputs' the address YO as address ADD in. 
.'25 synchronization with the clock signal CLK, and . output s 
the address. CADD (address YO) to the address latch 
circuit- -8 . . 
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Now the read operation will be described 
bellow referring to Fig. 1 and Fig. 3. The timing 
when the command receiving circuit 11 inputs the read' 
command in "synchronization with the clock signal CLK 
5 . is supposed to be PO" . The clock receiving circuit . 
detects the rising edge of the clock signal CLK when 
the. clock receiving circuit Inputs the clock signal 
CLK at the timing PO , PI, P2, P3 , P4 , •••.Then, the 
\ clock receiving circuit 11 outputs the internal clock 
,10 signal I CLK as an one-shot pulse signal at the timing 
TO., Tl ,. . T2 , . T3 , T4 , . • • • . ; The internal- clock signal /-. 
ICLK is outputted to have the time difference of (P0- 
T0) , (Pi-Tl) (P2-T2) (P3-.T3) , (P4-T4) , . /. .. to the • 
clock signal CLK. The command decoder circuit 12 
15 inputs the. signals CCS, CRAS , CCAS , CWE from the - 
command receiving circuit 11 . The command decoder 
circuit 12 outputs the inactive signal WBST ' (low 
level) to the. column control circuit 14 in response to 
the rising edge of the internal clock signal ICLK at 
20 the timing TO. The command decoder circuit 12 outputs 
.the active Y-address buffer control signal YAL(high 
level) as the one-shot pulse signal in response to the 
'.- rising edge of the internal clock signal' ICLK at the ' 
timing TO to the Y-address buffer circuit 10' and the 
25 column control circuit 14. Then., the command decoder 
.;. circuit 1.2 outputs the active Y-address buffer control 
signal NYAL (high level) as the one-shot pulse signal 
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to the Y-address buffer circuit 10 and the column 
control circuit 14 in response to the rising edge of 
the internal clock signal ICLK at the timing Tl . The - 
address latch circuit 8 receives the address CADD (an 
5 address Y0) from the address, receiving circuit 7 in 
response to the clock signal CLK (the time P0). then, 
outputs the one as an address. IA in response to the..'.' 
rising edge of the internal clock signal ICLK at the 
timing TO. The Y-address buffer circuit 10 latches 
.10,. the address. IA. (address Yd) from address latch circuit 
• 8 as the address IA in an address latch section (not 
shown) ...of .the Y-address buffer circuit 10 . Similarly . 
• to -the write - operation/ according to' the ■ 2n-bit pre- '. 
\ fetch method, two kinds ..of Y- addresses of the address'' 
15 Y0 corresponding to the column selection . line CSLO and 
the address Yl corresponding to the column, selection 
line CSL1. are outputted .as address YA at the timing 
TO.- Also, like the. write operation, two kinds of Y- 
addresses of the address. Y2 corresponding to the - • 
. 20 column selection line CSL2 and the address Y3 - 
.' ' corresponds to the column selection .line CSL3 are 

outputted as ..address YA in the timing Tl . Therefore, 
the Y-address buffer circuit 10 outputs the' address , Y0 
(even) as the address' YA to the column' decoder circuit 
25 21 and ■ outputs ' the ' address Yl (odd) , as- the address YA 
to. ; the column decoder ■ circuit * 2 2 in response to the . 
rising edge of the Y-address buffer control signal YAL 
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at the timing TO. The Y-address buffer circuit 10 
outputs the address Y2 (even) as the address YA to the 
column decoder circuit 21 and outputs the address Y3 
(odd) as the address YA to the column decoder circuit- 
5 22 in response to the rising edge of the Y-address 
buffer control signal NYAL at the" timing . Tl The .. 
column control "circuit 14 output s . the active column 1 
selection line control signal YSEL. (high level) to the 
-.column decoder circuits 21 and 2 2 in... response to the 
10 • Y-address buffer .control . signal YAL at. the timing. TO! \/\ 
j -.The.- column control circuit 14".. outputs the -..active 
: ; .{ ■>;: " co lumn Selection lin.e •control signal- YSEL ( high level), 
to the column decoder; :cirbuits 2 1 and; '22 in response . 
' to- the' Y-address buffer control signal' NYAL at ..the 
. 15 -timing Tl.- The. column decoder circuit - 21 sets a,':. 

signal transferred through the column, sele.ction line. 
CSLO (even) to an active state (high level) in order 
to drive the column selection line CSLO (even) at 'the 
timing TO in response to. the .column selection line" 
•20 control signal YSEL at the . timing TO. The ' column 

decoder circuit 22 sets a signal transferred through 
• the column selection line CSL1 (odd) -to an . active 
state (high level) in . order to drive the column' 
selection . line CSL1 .(odd) at the . timing TO in .'response 
25 to- the column, selection line control signal YSEL at- . 
the. timing TO. -The. column decoder circuit 21- sets'; a 
si.gnal transferred through the column select ion - line 
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CSL2 (even) to an active state (high level) in order 
to drive, the column selection line CSL2 (even) at the 
timing Tl in response to the column selection line 
control signal YSEL at- the timing Tl. The column 
decoder circuit 22 sets a signal transferred through, 
the column selection line. CSL3 (odd) to an- active 
state (high level) in- order to drive the column 
selection line CSL3 (odd) at the timing. Tl in response 
to the column selection line control signal YSEL •at'.' • 
the., timing -Tl. •'■ V' . ..-'•''.■.. ; 

; As. described, above; in the .semiconductor . 
memory device of the first conventional example , the . 
-timings'- of the read.' operation , timing's TO and 'Tl at • 
which the command decoder circuit. 12 outputs the Y- 
address buffer control signals YAL and NYAL are ■' 
earlier than the timings of the write .operation by two 
clocks. . That is, in. the read operation, the timing of.' 
the column. selection line CSL to be activated (the 
timing at which the signal transferred through' the 
column selection line CSL becomes -active) is earlier 
than the timing in. write operation by "two clocks. 
Therefore, t he dat a o f the sense amplifier circuits 5 
and 6 activated by the active .command are ' destroyed by 
the column selection line CSL activated 'by. the read : 
command sometimes depending on. the use circumstances 
(for ..example, the data length and the burst length) 
The technique disclosed in Japanese' Laid Open Patent ' 
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Application (JP-A-Heisei 10-504129) is a circuit • 
characterized by the improvement of yield of memory 
chip by shifting an extra time which • can be used for. 
t AA to more critical parameter t R C D . The tAA 
5. indicates a duration between the clock to the input of 
..the read command at . a setting, to CAS LATENCY=1 and the 
. output' of all data. . (all data of eight data in. the case 
of x8 ) to DQ PAD as in the. expectation value. The tAA 
is used as. the index which indicates the efficiency of 
. . .10 : the. chip . . The. tRCD indicates duration between " the 

; clock to the input of active command .and the. clock to 
.: ■">"' " ; ■■■ ■the input of .the . column command ., (the write .command/ ;. - 
' - : - ';• : . .read' .command). . ... <./.• ' ''y : '>-..*".'•' 

■ " •'/ The semiconductor memory device of a second 

- 15 . conventional example is characterized' by including 
y . . above-mentioned technique, in addition to the. technique 

of the first conventional example. Fig. .4 shows a 
-. circuit configuration ,'o.f the- semiconductor memory 
device in the second, conventional example.:- The read 
20 operation of the- memory operation will" be described, 
.. like the first conventional . example ... The 

..." semiconductor memory device of the second conventional 
.... -example is further composed .of a mode, e xchang e circuit". 
: 23 in. addition to the configuration of the first 

.25 conventional- example. The. mode exchange circuit- 23 is 
■ .connected .to the command .decoder ■■ circuit. .''12 The 
semiconductor memory device of the second conventional 
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example carries, out one of an ordinary oper a t ion mode 
and a column address delay operation mode. Whether 
. the ordinary operation mode or the column address ' 
delay operation mode is determined in accordance with 
5 the . use circumstance such as the data length' and the 
.burst length and is previously set to the mode 
-exchange circuit 23. The ordinary operation mode 
indicates /the write operation • (see Fig. 2 ) , and the 
read operation (see Fig. 3 ) r of the semiconductor 
,10 memory device. of the first convent ional example . . 

' In the ordinary operation mode, . the, exchange . 
' circuit - 2 3 outputs an active column .address delay - 

.. control signal .LTAA " (low level) to the command decoder. 
. ..• circuit .12 . In the second conventional example , .the 
" 15' write operation and the. read operation of .the ordinary 
operation mode are carried out. ' 

In the column address delay operation mode, 
the" exchange .circuit 2 3 output an active column 
•address delay control • signal LTAA (high level) to the 
20 command decoder circuit 12. In the second 

convent ional . example, the write operation and the read 
operation of the column address' delay operation mode. 
. are carried out . • 

Next, the write operation' of the column 
25 address delay operation mode in' the second 

.• conventional .example will be described. As shown in '• 
• Fig. 5, the command decoder circuit 12 inputs- the 
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signals CCS, CRAS, CCAS, CWE as the write command from 
the command receiving circuit 11. The command decoder 
circuit 12 outputs the active signal WBST (high level) 
to .the column control circuit 14 in response to the 
'5 rising edge of the internal clock signal ICLK at the 
; . timing TO. When the column- address delay control ; 
signal LTAA from the mode exchange circuit 23 is ' 
active, the command decoder circuit 12 outputs the 
. . active Y-address. buffer, control signals YAL and NYAL ; 
,.10, (high level) to the Y-address b.uffer circuit 10 and"- 
, .the column, control circuit 14 'at' a timing, after .a ."- /. 

: " \ /■-'. . ;-;*; : ;Pr.e(letermined time , : i ..e . , f or the - time • of t DELAY v * .* 

../'."'■,■ . ; compared with the ordinary operation mode . The 

predetermined, time t DELAY i s ' shorter, t han ' the . time 
.15 -between t he' r is ihg. . of the clock CLK and the rising of 
the next clock CLK and.it is longer, than the time 
.. between the rising; of the .. internal c lock signal" ICLK • 
and the falling of -the internal clock signal ICLK. 
More specifically, -in the column address delay 
.."20; • operation .mode , the command decoder circuit 12 detects 
the rising edge . of the . internal clock signal ICLK at 
.the timing T2 and outputs the active Y-address buffer 
control . signal YAL (high level) .to the Y-address 
buffer circuit 10 and the column control circuit 14 
.2:5.. the time t.DELAY' after the detection. ■■ The command •/ ^ 
' . ' decoder circuit.-- 12 detects the. rising edge of the ' - 

internal clock signal .ICLK. at the timing. ,T3 and' 
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outputs the active Y-address buffer control signal 
NYAL (high level) to the Y-address buffer circuit 10. 
and the column control circuit 14 the time t DE LAY 

• after the detection. Therefore, the timing that the / 
5 write buffer control signal WO becomes active (high 

level) is delayed for the predetermined time tDELAY. 
Also, ..the .timing that data- IDQ (data DO (even) , Dl 
(odd)., D2 (even), D3 (odd) ) is outputted. as the. signal 
. . WBCJS .^ahd the timing , that the address YA (address." Y0 : * 
1 0 ; (even) , Yl • (odd)/, Y2 f (even) , Y3 ( odd ) ) is", o.utputted- >\;. 
are delayed .for. the predetermined t ime ' 'tDELAY . .." 

• Further;, the, timing that .the column -selection, line 
-control signal/.V.SEL becomes active (high level ) and ' 
the; timing that the. signal transferred through the 

15 column selection line CSL (the column. selection line 
CSLO . (.even) , CSL1 (odd), CSL2 (even),. CSL3 (odd)) 
becomes active (high level) are delayed for the 
predetermined time tDELAY. Furthermore, .the timing 
that the write amplifier control signal WAE becomes 

20 active (high level),' the timing that, the signal WBUS 

(the data. DO .(even), Dl (odd), D2 (even), D3 (odd)) is 
outputted as write input data IO, and the timing that .-: 
the: write, input data 10 (the data DO ' (even) > Dl (odd), 
D2 .(even),' D3 (odd)) is' written in the" memory cell 

25 (addresses .Y 0 , .Yl, Y2 , and Y3 ) connected to the bit 
lines are . delayed for the pr ede.t e rmi ned : t ime t DELAY . 
Next, the read operation of the. column 
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address delay operation mode in the second 
conventional/ example will be described. As shown in 
Fig.. 6, the command decoder circuit 12 inputs the 
• signals CCS, CRAS,. CCAS, and CWE as the read command 
5 from- the command receiving circuit .11. The command 
.decoder circuit 12 outputs the inactive signal" WBST 
(low level) to the column control' circuit .14 in 
response to the rising edge of the internal clock 
\; ■ signal ICLK 'at the timing . TO . When the column .address": 
10 delay .control, signal LTAA from the mode exchange. . : . 
' circuit,'- 2 3 is active , - .the; command decoder circuit 12 
.outputs the'active Y-address- -buf f er- con t ro 1' ' signal s 
, . YAL< and. .NYAL. ..( high level ) to .the Y-address buffer 
.circuit 10 and the column control .circuit 14 at the 
•' .15 timing after, the predetermined time, i . e . , ' the time of 
. t DELAY compared with, the ordinary, operation mode. 
, .More specifically, in the column address delay 

. -operation mode, the command decoder circuit 12 detects 
' the rising edge of the internal.' clock signal .ICLK at 
. 20 . the .timing,' TO and outputs the active Y-address -buffer 
•control signal YAL (high level) to the Y-address 
, z buffer circuit 10 and the column control . ci rcuit 14 
.the time tDELAY after the detection.. The command 
decoder circuit 12 detects the rising edge of the 
.25 internal clock signal ICLK at the timing Tl and 

-■outputs the- active Y-address buffer control signal - 
NYAL (high level) to the Y-address' buffer circuit. 10 



and the column control circuit 14- the time t DELAY 
after the detection. The command decoder circuit 12 
detects the rising edge of the internal clock signal 
ICLK at the timing Tl- and outputs the active Y-address 
5 buffer control signal NYAL (high level) to the Y- 
' - address buffer circuit 10 and. the column control 
circuit .14 the time tDELAY after the ' detection. 
Therefore, in the column address delay operation mode, 
. .the timing that address YA (the address Y0 (even) ,- Yl ' 
10 (odd),. Y2 .(even), Y3 (odd) ) is output ted is. delayed; 
for the., predetermined time tDELAY; compared with the : 
'V: }/ • ■ ^ ' ••ordinary operation • mode , Also , -.- the /timing that the ; 

' column' selection line control signal YSEL becomes,': 
; active '(high -level) . and the. .timing- that the signal 
; 15 . . transferred, through the column. selection line CSL (the' 
• .column . selection . line CSLO .(even) , CSL1 (odd), CSL2 
(even) , CSL3 (odd )) become s active (high level) is ■ ' . 
delayed for the predetermined time; t DELAY compared 
with ' the .ordinary operation mode.. '.As a result, data 
'. 2 0, cannot be destroyed in "the read operation in the 
. .column- address .delay' operation mode of the second 
- • •' " conventional example . . 

- -Furthermore, because the timing that -that. the 

. signal' transferred through the- column selection line 
"25 CSL. becomes active (high level). is delayed compared 
. with -the ordinary operation mode, .the tAA path from 
the sense amplifier circuits 5 and 6 to'.DQ PAD is 
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delayed for the predetermined time t DELAY compared 
with : the ordinary operation mode. In this way, during 
the read operation of the . column address delay 
operation mode, the duration between the rising edge 
■ 5 of the clock CLK and the activation of the column 

. ..selection line CSL . is increased by the predetermined 
time t DELAY compared with the ordinary operation mode. 
... These results in that the time tRCD in the column ' 
. address delay operation mode . can be, reduced compared 
.10- . with " that of the ordinary . operation mode by.'the . '' 

predet ermined ;' time ,.t DE LAY , though t AA of . the column 
'■•..• v ;^;"v : address delay, operation, mode is increased compared .. 
with the . one' "the- .ordinary operation mode by the 
■ .'■ predetermined time ,t DELAY. 'Although, . the. timing . that 

15 Y- address buffer control signals' YAL and NYAL become 
active '.(high level), is delayed for the predetermined 
.'time t DELAY compared with the ordinary operation mode 

• in the column address delay operation mode, even if 
•;j during the write operation. That is, during the read' 

20 ^operation of . the . column address delay operation mode, 
the duration between. the rising edge of the clock CLK 
■ at the .time P0 :.ahd the activation of the column 

selection line . CSL is increased by the predetermined' 
time tDELAY compared with the ordinary operation mode. 
'•25 As a result, the time tWR of the'column - address delay; 

• operation* mode' is also increased "compared with the one 
of the .ordinary operation mode. - The time tWR .■" '. '. '• 
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indicates the duration from a clock which is a second 
clock after the input of the write command' to a clock 
to reset the- word line, which is a clock to. input. a 
pre-charge command. 

■ As described above, the semiconductor memory 
•devices, of the first and the second conventional 
examples do not have flexibility .to use circumstance, 
such as. a data length and a burst length/ 

Summary of the invention 

." Therefore, an object of the, present invention is - to 
provide a semiconductor .memory device ; which, is 
'adaptable . : .for-use; circumstance... 

: Ah another obj ect of. the invention is to fasten the 
tRCD .of the column .address delay operation mode 
comparing with the one of ordinal operation mode, 
though the tWR." is same as . the one of the ordinal 
operation mode. 

In an aspect of a semiconductor memory device of 
the". present invention,, a plurality of memory cell .. 
arrays, and each of them includes a plurality of ' 
memory cells in a :'matrix . . : A. mode . control unit outputs 
a "delay control signal, and an instruction execution 
unit accesses to the plurality bf. memory cells based 
on an. address and an .address . buff er control signal 
supplied externally. A command -control unit outputs 
'the address buffer control signal to the instruction 



execution unit based on a command supplied externally 
and the delay control signal. • The command control 
unit outputs the address buffer signal in 
synchronization with a clock signal when the delay ' 
5 -control signal is in an inactive state and the command 
; is a write command or. a read command in an ordinary 
.'operation mode.' When the delay ' control signal is in 
. an active state and the command is the write command 
in. a write instruction delay operation mode , also when 
;10 the delay control signal is in the active state and 
• the command is. .the read, command in a read 'instruction':. 
. v delay < operat ion -mode.. \ s 

v./.-' .Here, ..the command... control unit .outputs a "' 
• . command signal of the active state in synchronization 
15 with the clock signal to the" instruction execution-- - 

unit when the command is the write command and outputs 
a command signal of the inactive ' state in " . 
synchronization with the clock signal to the 
instruction execution unit when the command ' i s the 
20 read command. The instruction execution unit accesses 
to the memory cell array "based on the address, the 
address buffer control signal and. the command signal. 

In this -case, the command control unit may 
include a .command decoder circuit which may include a". 
25 .control unit which inputs the command, supplied 
externally and outputs the command signal in • 
synchronization with a first clock signal and outputs - 



the address buffer control signal in synchronization 
with a second clock signal. A delay circuit outputs 
the address, buffer control signal delayed, and a 
multiplexer circuit selects and outputs one of the 
address buffer control signal and - the address buffer 

' signal delayed by the "delay circuit based on the dele 
control circuit and the command signal, to the order 
execution unit. 

Also, the instruction execution unit writes 
data based on . the address, buffer control signal, when; 
the command .signal' is -in. the '.active state. 

Also, the instruction execution unit reads a 

.data from the address. based on the. address buffer 
control, signal. ; when . the command signal isdn the' 
inactive state. ' 

Brief Description of the Drawings 

Fig. 1 shows a circuit diagram of the 
semiconductor memory device of the first conventional 
example 

'.. Fig." 2. shows a' timing chart ' of. a write , . 
operation of the semiconductor memory device of the ; 
first conventional example; 

Fig. 3 shows a ' timing chart of a read \ 
operation of the semiconductor memory device of the 
first' conventional example; ' 

Fig. 4 shows a circuit .'diagram of .the 
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semiconductor memory device of the second conventional 
example 

Fig. 5 shows a timing chart of a write 
operation of the delay operation mode of the 
5 semiconductor memory device of the second conventional 
example;. :' 

Fig. .6 shows a timing chart. of a read 
operation of the delay. operation mode of the 
/.'semiconductor memory device of the second conventional 
10 ;. example ; 

.. . Fig.:- 7 shows a circuit .diagram, of: the ' • 
. . semiconductor memory .device of the present invention';: 
( -Fig:. ;8, shows a timing chart • of the write"- 
operation, of the delay ..operation mode of the ; present 
;15 : .invention; \ 

•Fig. 9 shows /a timing chart of the read 
.operation of the delay operation, mode of the present 
•invention; and 

• Fig. 10 shows -a circuit diagram of the . 
20 command decoder circuit of the present -invention. 

Description of the Preferred Embodiments 

Hereinafter, a semiconductor memory device of 
the present invention- will be described below with 
25- reference to the attached drawings. The semiconductor". 
. memory device of .the present invention will be.' ■ 
• described by the DDR- SDRAM adopting a 2n-bit pre-fetch 
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method .as an example. Also, in the present invention, 
same numerals and symbols of the first and second 
conventional examples are used in the same structure 
• • of the' present "invention . Therefore, the same. 
- .5. , description as that , of the firs.t. and second ' 
• '. '.. . > conventional examples, is. omitted. 

; Fig-' 7 shows a circuit structure of the 

semiconductor memory device. In the semiconductor ; 
v memory device, of the present . invention shown in Fig 
.10. ;;7 ,\\ a part ' .of the 'read opera tion .of . the . memory ' 

.; : ;operatioa (the memory access)' to the activation of the 
• v >--co.lumn selection line. CSL will' be .described ... 
:; : -.:' : : The semiconductor memory device of the. present 
';■ :y/V .-:.^.;.'inven.tion -is composed of. a. plurality of memory .cell 

•' 15 '. arrays 1 and -2 , each ' of .which contains a plurality' of 
\ memory cells arranged, in a. matrix, a clock- receiving 
circuit 13, a mode exchange circuit 23 which outputs a 
column address delay control signal LTAA, an 
• instruction executing section, and a. command control 
;. 20 . section . The s emi conduct o r memory device, of the 

'.'- present invention, is provided ..for the same computer in 
the 'first and. second conventional' examples . The. 
y instruction .executing section inputs an address from 

" the CPU of - the -computer . The command control section 
. '■ ■■. 25 inputs a command- from the. CPU- of the compute r . The 
./•■instruction., executing section contains a row decoder 
•■ . \ circuit 3, 'a' row decoder circuit 4, a- sense amplifier 
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■circuit 5, a sense .amplifier circuit -6, an address 
receiving circuit 7, an address latch .circuit 8, an X- 
address buffer circuit 9, a Y-address buffer circuit 
-10, a column control circuit 14, a data receiving 
■ 5.. circuit 15, a data strobe, receiving, -circuit 16, a. data 
latch circuit 17, a write buffer circuit 18, a write 
,.' amplifier circuit 19, a write amplifier circuit 20, a 
1 column' ..decoder circuit 21, a column decoder circuit \ '* 

.• j " • v; ;.2 t 2 - . . ';.;..;•>*•/ . ■ ,' ■ . 

: 10 The. command control' section" includes the 

. .. command receiving circuit 11 and the command decoder 

-^circuit: 62 . ', .The command, decoder circuit 62 will be 
/ ; described . below with respect , to. . only -the changed point 
'from the command decoder "circuit 12. 
■15 The command decoder circuit 6 2 outputs an 

. .. • active signal WBST to the instruction . executing' 
... . section (Y-address buffer circuit 10, the column 

• - control circuit 14) in synchronization with an 
•internal clock signal ICLK from the clock receiving 
20 circuit 13 when the command is a write command.. On 
the other -hand, when the command is -a read command, 
the command decoder circuit -62 outputs a inactive 
signal WBST • to the instruction executing section (the 
••• Y-address. buffer circuit 10, the . column control 
. 25 circuit 14 ) / in synchronization with the internal . clock 
. signal. ICLK. • The command .'decoder circuit '62. outputs 
•the active Y-addr.ess buffer control signals' YAL and 



NYAL to the instruction executing section (Y-address 
buffer circuit 10, and column control circuit 14) in 
accordance with a command and a column address delay 
control, signal LTAA from the mode exchange circuit 23. 
The instruction executing .section accesses. a plurality 
of memory cell array 1 and 2 in accordance- with the 
address, the ■ -Y- address buffer control signals YAL and 
NYAL and the signal WBST . This instruction, executing 
, section writes a data into an address in accordance 
with the address.. buffer control ; signals YAL and NYAL : 
when .tine signal . WBST is in active .state. The ... 
instruction .executing 'section reads out a .data from • 
the address in accordance . with- Y-address buffer 
control signals YAL and NYAL .'when the signal WBST is 
in the inactive .state . - 

.•'In" .the semiconductor memory device of the 
present invention, like the second conventional 
example of the semiconductor memory device, one of the 
ordinary operation mode and the column address delay 
operation, mode is', carried' out .' The selection of the 
ordinary operation- modes and the .column . address delay, 
operation .mode depends .on the use .'circumstance such as 
a data, length and a burst length, • which is set in the . 
mode exchange circuit- 23 previously: The ordinary . 
operation, mode represents a write" operation (shown in . 
the Fig . 2) and a read' operation' (shown in -the Tig: 3) 
in the above-mentioned first 'conventional example. 



When, the ordinary " operation mode is selected, the mode 
exchange circuit 23 outputs the inactive, column 
•address delay control signal LTAA (low level) to the 

"command decoder circuit- 62. In this case, the 
semiconductor memory, device of the present invention 
carries, out the' write operation and the read operation 
in the ordinary operation mode. When the column 
address delay operation mode is selected,, the mode 
exchange circuit 23 outputs the. active column address ■ 

.".delay- control; signal LTAA (high, level) to the command 
decoder circuit 62. In this case, the semiconductor 
memo ry. : -.de vice of the Vpresent." invention car ries out .the 
write',, .operation and.; the read operation in the /column 
address delay operation mode. 

f\ The .' ordinary operation" mode and the column 
address delay operation mode will be described below. 

(1) In the ordinary, operation - mode, when the column 
address, delay control' signal. LTAA is in an inactive 
state and the command is. a write command , the ^ command 
decoder circuit 62- outputs - the active Y-address buffer 
.•control .signals. YAL to the Y - addr e s s . bu f f e r "ci r cui t 10 
and the column control circuit 14 in synchronization 
with the internal clock signal .ICLK. ■ 

(2) In the ordinary operation mode, when the column, 
address delay control signal LTAA -is. in/the inactive ■ 
state; and the command is a read command, the command 
decoder circuit 62 outputs the Y-address .buffer 



control signals YAL to the Y-address . buffer circuit 10 
and column the control circuit 14 in synchronization 
with the internal clock signal ICLK. 
. (3)- In the column address delay operation mode, when. \ 
column address, delay control signal LTAA is in the 
active state and the command is a write command; the 
command decoder circuit 62 outputs the active Y - 
address buffer, control signals' YAL to the .Y-address 
buff er. .circuit 10 and the. column control ; circuit r 14. -in 
.synchronization with the internal -clock signal ICLK. , 
(4) In the column . addres s .delay operation mode,, when 
.the' " .column. 'address delay' control signal LTAA is ..in . the.- 
active state and the. command is a read command/' the : 
command decoder circuit'. 62 outputs the buffer control 
signals' YAL and N YAL to the Y-address. buffer .circuit 
10. and the .column control circuit 14 after to the . 
internal clock signal ICLK by the predetermined time 
of t DELAY . ' 

. Fig .. 10 :shows a structure of above-mentioned, 
command decoder 62. The command decoder 62 is 
composed of a control circuit 31, an -inverter 32,. an 
inverter 34, an inverter 35, an inverter 36,'; an. 
inverter 37 , a NAND circuit 33', a DELAY circuit 38 , a 
DELAY circuit 39, a multiplexer circuit 40, a 
multiplexer /.circuit 50. Each of the . DELAY circuit 38 
and:' the DELAY circuit 39:is .composed of inverters of ■ 
even number, and the' respective inverters are". 
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connected in series. The multiplexer circuit 40 is 
composed of an inverter 41, an -inverter '4 6/ a P ■ 
channel MOS transistor ( PMOS transistor) 42, a. P. 
channel MOS transistor (PMOS transistor) 44, a N 
5 channel MOS transistor (NMOS transistor) 43., a N 
. channel MOS transistor- (NMOS ■ transistor)" 45. The ■ 
multiplexer, circuit .5.0 is composed .of an . inverter 51,' 
..an inverter 56, a PMOS transistor 52, a PMOS ■ 
'. transistor' 54 , . a NMOS transistor 53, and a NMOS 
10 . transistor. 5 5 . The command receiving cir cui t , '* the • . 

• clock. receiving circuit 13 .and the column control 

Vy circuit .. 1.4 : are . connected to -the cohtroi:,circuit .31.- 
.. ... The ..input .terminal of the inverter 3 2 is connected to 
.. the control , circuit , 31. The. output terminal of .. 
15 inverter. 32 is connected to one of the " two input ' :•■ 
terminals of the NAND circuit .33 . The other input 
terminal of the NAND .circuit 33 is-, connected to the 

• mode ..exchange circuit 23. The output terminal of . the 
NAND circuit ,33 is connected, to the input terminal of 

20 the inverter- 4 1 , .the gate , electrode of NMOS transistor 
43, the. gate electrode of PMOS transistor 44, the .- 
input terminal .of -. inverter 51 , the gate electrode of 
NMOS transistor 53 and the gate electrode of. PMOS 
transistor .54 . . The input terminals of the inverter 34 

25 and' the .inverter 36 are connected to. the control 

.circuit 31." The output, terminal of the Inverter 3.4 is 
connected to- the source electrode of the PMOS 
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transistor 42 and the drain electrode of the NMOS 
transistor 43.. The output terminal of the inverter 36 
•is connected to the input terminal of the receiving 
inverter of the DELAY circuit 38. The output terminal 
5 '.of the. inverter of the last stage of DELAY circuit 38 
is- connected to the source electrode of the PMOS 
transistor 44 and the drain electrode of the NMOS 
transistor 45. The output terminal of- the inverter 41 
. is connected to the gate •electrode of the . PMOS 
.. . .10 transistor 42 and the gate, electrode of the NMOS • 

trans is t.or 45 : . The. input, terminal, of the. inverter 46 
•.•-•'/. -is -connected; to .'the-, drain \ elect rode,/ o f -the PMOS. ■ 

transis tor 4 2 , the source electrode of , the NMOS 
■ . transistor 43 , the drain electrode of the. PMOS 
•15 transistor 44 and ..the source electrode .of. the ..NMOS. 

transistor .4 5. The input terminal of inverter 46 is 
connected to the Y-address buffer circuit 10 and the. 
column- control circuit 14. The input terminals .of the 
. inverter 3 5 and the inverter 37 are connected to. the 
, 20.' control circuit 31. -The output terminal of the ; 
• 'inverter 35 is connected to the source electrode of . 

.the PMOS transistor 4.2 and. the drain /electrode of the • 
- NMO.S transistor 43. The output terminal of the • 

inverter . 37 is. connected to the input terminal of the 
• '25' receiving inverter of the DELAY . circuit . 39 . The • 

output terminal of the inverter of. the last stage of 
• DELAY circuit- 39 is connected to the source electrode 
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of the. PMOS transistor 54 and the drain electrode' of 
the NMOS transistor 55. The output terminal of the 
inverter 51 is connected to the gate electrode of the 
PMOS transistor 52 and the gate' electrode of the NMOS 
5. "transistor 55. The input terminal of. the inverter 56 

is connected to .the drain electrode of the PMOS 
. ' transistor 52, the source electrode of the NMOS 
transistor 53, the drain electrode of the PMOS 
.. transistor 54 and' the source, electrode -of the. NMOS' 
; : " • i.0: - transis tor"/.5'5 . " The input , terminal of the inverter 5 6 -". 

.•is. connected v to. the" -Y-address buffer .circuit. 10 and 
.-.•./=, ,; v .V;the- 'column control- circuit ,14.. . , , ...... 

v.,-. . ''-^ ... .. : " -..First . of all , the operation of -trie .-.command : 

.decode r ',62 , (I) in' the ordinary operation mode, when ' 
:• ' 15 t the; column 'address delay control signal. LTAA is in the 
...active state and ; a command is the write command, will 
be described. The mode exchange circuit 23 outputs 
the active column address delay control signal LTAA 
(low level- "0" ) to one of the input terminals of the 
. 20 . NAND circuit 33 in the. command decoder circuit 62. ' 

. The control circuit 31 inputs ■ the' signals CCS, CRAS, 
vCCAS, and CWE as a .write command' from the command 
- : ' .' " receiving.' circuit 11, sets the signal WBST (high level 

1." ) . to . the active state t.o in accordance with the 
\ i: ".. . .' 2 5 ••rising edge .of. the. internal clock signal ICLK from the \:_ 

: clock receiving' circuit '13 at the timing TO, .and 
t ' ' .outputs- to the column control circuit 14 and the 'input 
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terminal of inverter 32. The inverter. 32 changes the 
signal WBST of "1" to the low level of " 0 " and outputs 
to the other input terminal of the NAND circuit 33. 

The NAND circuit 33 changes .the output signal 
5 into" the high level of "1" based .on the column address 
delay control signal LTAA of " 0 " and the command 
. signal WBST of "0", and output -to the input. - te rminal 

of the inverter 41 ,' the gate electrode of the NMOS 
•'.transistor .43/ the gate electrode of the PMOS 
- .10 ^transistor 44 , the input terminal' of the inverter 51,. 
the. gate electrode of .the NMOS transistor 53 .and the ' 
/gate . electrode of the . PMOS. transistor. .5 4 .'. Thus , the V-. 
;' PMOS transistor 4 2, the transistor 52., the; NMOS. 
.•.'-transistor 43, - and. the NMOS trans is tor 5 3 as switches 
-.15 ...are turned on". ; 

The control circuit 31 outputs' the ' Y-address ■ 
buffer control signal YALO as a one-shot, pulse signal ' 
(high level "1") , to the input terminal of the inverter 
34 and the inverter 36 in accordance with the rising 
20. edge of the internal clock signal ICLK from the clock 
receiving circuit 13 at the timing T2 . ' The, inverter 
34. outputs the Y-address buffer' control signal YALO of 
the low level.- "0" to the drain electrode of the PMOS 
,translstor 42 and .'the. drain electrode of the NMOS 
. 25 transistor .43.' .At, this' time, the Y-address buffer 
.^control signal YALO of "0" from the inverter- 34 is 
- .outputted to. the input terminal of the' inverter 46 



through the PMOS transistor 42 and the NMOS transistor 
43, because the PMOS transistor 42 and the NMOS 
transistor 43 are turned on. The inverter 46 inverts 
the Y-address buffer control signal YALOof "0" to 
high. level " 1 " and outputs it to the Y-address buffer 
circuit 10' and the column control circuit 14" as the 
above-mentioned Y-address buffer control ■ s ignal- YAL .of 

The control circuit ' 31 ..outputs the Y-address 
-buffer control signal NYALO . as. the -one-shot pulse 
signal (high level. "1" ) *.'to;" the input: ', terminals..* o f ' the',, 
' .inverter ..35 . and the • inverter 3 7 in • accordance with the 
rising edge of the internal clock .signal ICLK .;from the 
clock receiving circuit 13 at the. timing. T3 . The 
inverter -35 outputs the Y-address buffer control 
signal NYALO of the low level " 0 " to the drain 
electrode of the PMOS transistor 52 and the .drain 
electrode of. the;. NMOS transistor 53. AT ; this time , 
the Y-address buffer control'signal NYALO of "0" from 
the inverter 35 is output ted to the input terminal of 
the- inverter 56 through the PMOS transistor .52 .and the 
MOS transistor 53, because the PMOS transistor 52 and 
the NMOS transistor '53 are turned on.' The inverter. 56 
inverts the Y-address buffer, control signal NYALO of 
"0" to high level of " 1" and outputs it. to the Y- 
-address buffer circuit 10 and ' the column control . 
circuit 14 as the' above-mentioned Y-address buffer 
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control signal NYAL. of "1". 

Secondly, the operation of the command 
decoder 62 (II) in the ordinary operation mode, when 
column address delay control signal LTAA is in the 
.5 inactive state and a command is the read command, will 
;be described. 

The mode exchange circuit. 23 outputs the 
column address delay, control signal LTAA of the. 
"... . • \ inactive . state (low" level. "0") to one of the .input 
•'. 10 terminals .of- the NAN D .circuit 33 in the command : 

. decoder circuit 62. The control circuit 31 inputs the 
• 'signals ;CCS, . CRAS , , CCAS , and'.CWE'.as' j'a. read 'command. • 
^■r.om'-.the; command receiving circuit 11, outputs the 
signal- WB.ST in the- inactive state (low level "0") to 
15 .the column control circuit .14 and'the input terminal 
of the inverter . 32 in accordance with the rising edge 
of the internal clock, signal ICLK from the clock 
receiving circuit 13 at the timing TO. The inverter 
32 sets the signal- WBST of "0" to the high level of 
2.0 ;"1" and . outputs it, to .the other input terminal of the 
NAND circuit 33 . " The NAND, -circuit -33." sets the- output 
signal to the high level w l" by the. column address 
".delay control /-.signal LTAA of " 0" and the command 
signal. WBST of "0" and' outputs, it to the input ... 
25 terminal of the inverter 41, the gate .electrode -of the 
' NM.OS transistor 43, the. gate electrode of the PMOS 
transistor 4.4, the input terminal of "the inverter 51, 
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the gate electrode of the NMOS transistor 53 and the 
gate electrode of the PMOS transistor 54. Thus, the 
• <PMOS transistor 42, the transistor 52, the NMOS 
■ transistor .43, and the NMOS transistor 53 operating as 
5 switches are turned on. '• ...... 

The control . circuit 31 outputs the Y-addre.s s • . 
buffer control signal YALO as the. one-shot pulse 
' signal (high level "1" ) to the input terminals of the 
inverter 34 and the inverter 3 6 in accordance wi th the 
10 rising .edge of the internal, clock signal I.CLK from the 
...clock . receiving circuit 13 at the timing TO . The 
" : inverter 34 outputs the .Y-address buffer, control 
. ;';- : signal" .YALO of the low..- level "0 " ;t.o. the. drain - : 

electrode of - the PMOS transistor 42 and the ..drain y 
15 - elect rode of /the' NMOS transistor .43 . At this time, 

the Y-address buffer control signal YALO " 0 " from. the 
'.. inverter 34 is outputted to the input terminal of the ■ 
inverter 46 through the PMOS " trans i s tor . 4 2 and the 
NMOS transistor 4 3, because the PMOS transistor .42 and 
20'" the NMOS transistor. 43 • are' turned ;on. : The inverter 46 
inverts the Y-addre'ss. buffer control signal -YALO "0 " to 
the high level of "IV and outputs to the Y-address 
buffer circuit" 10 and the column control circuit . 14 as 
the. above-mentioned Y-address buffer- control signal ". 
'25-' YAL o.f "1". The control circuit 31 outputs the Y- 

; address buffer control signal N YALO as- the .one-shot . 
■ pulse -signal (high level " 1 " ) to the input, terminals ' 
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of the inverter 35 and the inverter 37 in accordance 
. with the ; rising edge of the internal clock signal ICLK 
at the timing Tl . The inverter 35 .inverts the Y- 
address buffer control signal NYALO to the low level 
•5 of "0" and outputs to the drain electrode of the PMOS. 
. transistor . 52 and the drain electrode of the NMOS 
transistor 53 . At this time, .the Y- address buffer * 
. control signal NYALO of " 0 " from the inverter .35 is 
' ' outputted to' the • input terminal of . the inverter. 5 6 
-1.0 . . through the . PMOS transistor. 52 and the NMOS transistor. 
53 > because the -PMOS . transistor 5 2' and the NMOS 
; . . translator 53 .are turned . on. ' The inverter 56 inverts 
t he ; Y - address .buffer control signal "NYALO of "0 " to 
• the. high" level "1" and outputs, to the Y-address buffer 
15 circuit. 10 and the column .control circuit 14 as the. 
, above-mentioned Y-address buffer control signal NYAL 
of "1" . • 

. Thirdly., the operation (III)' of the. command 
decoder . 62 in the column address delay operation 'mode, 
20 when. the column address delay control signal LTAA is. 
in the active state and a command is the write 
command, will be" described.. . 
-. : The mode exchange .circuit • 2 3 outputs the 

active column address, delay control ,signal LTAA (high 
25 level. "1"). to- one of the input terminal of the NAND 
circuit 33 in the command * de code r circuit .62.. The 
-'. NAND. ^circuit 33 sets 'the - output signal to the' high. 
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level "1" in accordance with the column address delay 
. control signal LTAA of "1" and the command signal WBST 
of "0" and outputs the output signal to the input 
terminal of the inverter 41, the gate electrode of the 
5" NMOS transistor 43, the gate' electrode of the PMOS 

transistor 44, the input terminal of the inverter 51, 
the gate electrode of the NMOS. transistor. 53 and the ; 
;.. " gate- electrode of the PMOS transistor 54. Thus, the. 
: PMOS transistor 42,'. the transistor .52, the NMOS 
.10 transistor 43, and the NMOS. transistor ..53 operating as 
switches are turned, on . The following operation is 
same as the operation (I) ' and. the . operation ..(III)..' 

'.."Finally, the operation, (IV) .of the command" • 
-.decoder- 62 in the column address delay operation mode, 
1.5. . when, column address delay control .signal LTAA is in- 

the active state and a command is a read command, will 
be described.- 

The mode : exchange circuit 23 outputs the- 
-active column address delay control signal LTAA. (high 
.20 level of "1") .'to one of the input terminals' of the 
• NAND circuit 33- in the command decoder circuit 62. 
The control, circuit 31 inputs the signals CCS, CRAS, 
CCAS, and CWE as a read command . from the command 
receiving circuit". 11,' and sets the command signal WBST 
2.5 to- the inactive, state (low level "O") in accordance 
. . with the rising edge of the ' internal .clock , signal ICLK 
from the clock receiving circuit 13 at the timing TO 
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and outputs to the column control circuit 14 and the 
input terminal of inverter 32. The. inverter 32 sets 
the signal WBST "0" to the high. level " 1 " and outputs 
to the other input terminal of NAND circuit 33". " The ' 
5 NAND circuit 33 outputs the. o.utput signal to the inpu.t 

- r terminal of the inverter. 41, the gate electrode of the 
NMOS transistor 43, the gate electrode of the PMOS 
transistor 44', the input terminal of the .inverter 51, 
the gate electrode of the NMOS transistor 53 and the . 

10 gate electrode of the PMOS transistor. 54 . In this *'/'.• 

case the : output signal ..is set to be the high level of . 
■ '- "1" "b-y -the; column . address . .delay : control s ignal .LTAA . of 
"1 " and : the.' .command -signal WBST • of " 1 " . Thus , the * 
PMOS transistor 4 4, ^ the PMOS transistor. -5 4 , . the NMOS . • 

15 transistor- 4.5, and the NMOS transistor 55 operating as . 
.switches are turned on; ■ 

The control circuit- 31; outputs the Y-address 
buffer control signal YALO as the one-shot pulse 
■signal (high -level "1")- to the input terminals .of the 

20 inverter- 34 and the inverter 36 in accordance with the 

. . rising edge of the internal' clock" signal ICLK from, the 
clock receiving circuit 13 at the timing TO. .The. 
inverter 36 outputs the Y-address . buffer control 
signal YALO of . . the ".low -ievel "0" to the input terminal 

25; of the receiving inverter in the DELAY circuit 38. ' \ 
Each inverter in -.the DELAY circuit . 3 8 invert s the 
level of .the Y-address buffer control signal YALO irv 
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order. The time necessary to carry out the inversion 
corresponds to the former mentioned time " t DE LAY" . 

The final inverter in the DELAY . ci rcui t 3 8 
inverts the Y-address buffer control signal YALO of 
5 "0" to low level "0" and outputs it to the drain 
electrode of the PMOS transistor 44 and the drain 
electrode of the NMOS transistor 45. In this case/ 
the Y-address buffer control signal YALO of "0" from 
the DELAY circuit 3-8 is outputted to the input 
10 terminal of the inverter 46 through the PMOS 

.transistor 42 and the NMOS ..transistor ;43, because the. 
. PMOS transistor 4 4'. and" the .NMOS : trans is.t or : 45 are.-,./.:-? 
turned on. ■• .The inye r t e r 4 6 inve r t s : . the ,Y - addr es s 
buffer control' signal YALO' of "0 " to the high level of 
15 "1" and' outputs it 'to the " Y-address 'buf fer circuit' 10 ' 
and the column control circuit 14 as" the above- 
mentioned Y-address buffer control signal YAL of "1". 

.The control circuit 31 outputs the Y-address 
buffer control signal' NYAL0 as -the one-shot pulse 
i "20 'signal .(high level "1"). to the input terminal of the'' 
inverter 35 and the inverter 37 .in .accordance, with the 
. rising edge of the. internal clock signal ICLK at .the- 
timing T3 . The inverter 37 outputs the Y-address 
buffer control signal N YAL 0 of the low level of "0" to 
•\ 25 the input terminal of the receiving inverter in the 

DELAY circuit 38. ..Each inverter in the DELAY circuit . 
39 inverts the level of the Y-'address buffer control 



signal NYALO in order. The * time necessary to carry 
out the inversion corresponds to the former mentioned 
time * t DELAY "• . 

•The final inverter in the DELAY circuit 38 
'.inverts the Yt address buffer control signal NYALO .to 
.the low level " 0 " and • outputs it' to the drain, 
electrode of the PMOS transistor .54- and the drain 
electrode of the" NMOS . transistor 55. At this time, . 
,the Y-address'buffer control signal. NYALO of " 0 " from 
the DELAY cir.cuit v39" is outputted to the " input 
terminal' of the "inverter "56. through the PMOS = 
transistor . 52 and the' NMOS .transi.sto.r ,,53,' because.' the 
. PMOS ■ . t r ansi "s t or' 54 and NMOS transistor- 55 .are turned 
on. The : inverter; 4 6 inverts the Y- address buffer 
control . signal NYALO of. "0" .'to" the high level "1" and 
outputs it to the Y-address buffer ■ circuit ; 10 and the 
column control circuit 14 as the above-mentioned Y- 
address buffer . control signal NYAL of" "1". 

Next, -a write operation' and 'a read operation 
of the column -address delay operation mode will be 
described. 

Fig. 8 is a timing chart showing .the write 
operation of the column address delay operation mode 
(•III) in the semiconductor memory device of the 
present invention. Fig. 9 is a timing chart showing 
the read operation '.of the column address delay .' 
operation mode (IV) in the semiconductor memory device 



- 50 - 

. of the present invention. 

First, the write operation of the column 
address delay operation mode (III) will be explained 
- bellow. The command decoder 62 inputs the signals 
5 CCS, CRAS, CCAS , ' and. -.CWE. as the read command from the 
command receiving circuit 11/ and outputs the signal 
•WBST. in the active' state (high level) to the column 
control circuit 14 in accordance with the. rising edge 
•- .of the internal, clock .signal -ICLK at the timing TO. ■ 
,10 .Further,, the de code r .c i r eui t 62 outputs the Y-address 
.' buffer control signal: YAL of .the active state (high 
.level) as. -the one-shot pulse, signal in'.a'ccordance with 
.-the rising edge of the Internal clock signal . ICLK,. at < 
the timing T2 to the. Y-address buffer- circuit- 10 ,and 
.15' the column' control circuit 14, regardless- of whether 
or not the column address delay control signal. LTAA. 
from the mode .exchange ■ circuit 23 is in the active 
state . 

• Furthermore,' the' decoder " circuit 62 outputs 
20 the Y-address buffer control signal YAL. of the active' 
'•state (high level) as the one-shot pulse signal in 
. accordance with the rising edge, of the internal clock 

signal ICLK at the timing. T3 to' the Y-address buffer 
.'circuit 10 and the column, control circuit 14, 
25- regardless of whether, or not the column address delay . 
control signal LTAA , from the mode exchange. circuit .23 
is in the active state. 
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After the above-mentioned operation, the same 
write operation as the ordinary operation mode (I), is 
carried out . 

.. As above mentioned,, in the column address 
. delay operation mode ■ in the semiconductor memory • 
device .of the present invention, the timing that Y - 
address buffer control signals YAL and N YAL ' be come 
active in the write operation is the same timing as in. 
the ordinary operation mode Namely , a time. .from the " 
.timing of the rising edge of clock. CLK when the .write 
.'. command is inputted at . the . timing PO to the timing ■ 
when . the'. ,s i g n a 1 r unning. ■ t h.r o u g h a ; _c o 1 umn s e 1 e'.c t ion : 
; line: CSL becomes act ive ; ' (high . level ) • is same, .as the ; . 
time ;in .the ordinary operation 'mode.. Therefore, a t W R 
■in the column address delay operation mode is the same 
as- the tWR in the ordinary operation mode. The t.WR 
indicates the time from the timing of two clocks after 
the., clock when the , write command is inputted to the 
basic clock when the word 1 ine s -are res et . 

. Second, the- read operation 'of the . column 
address/ delay operation mode (IV) will - be .described 
bellow .-. v. ' . 

..." In . the column . address ' delay operation mode of 
•the.' semiconductor memory device of the present, 
invention, the read operation is the same as the read 
operation of .the second conventional example of the 
semiconductor memory device. Namely, ' the timing that 



the Y- address buffer control signals YAL and NYAL 
become active in the read operation is delayed for the 
time of t DELAY compared witha case of the ordinary 
•operation mode. Because of the delay of the timing 
that' the signal-. running; through the column selection, 
line CSL becomes active . state (high level) in- the 
column address delay operation mode, a time. of the tAA 
from the sense amplifier circuits 5. and 6 to DQ. PAD is 
delayed by the time of t DELAY.. This is. not shown in. 
•Fig. 1 and. Fig. 2 . The tAA indicates the time ..until 
all :,data .. are o.utputted to DQ PAD in the same values as 
.expected., values from'"- the clock .when -.the .read command 
is inputted . As a result,. - the data, of the sense 
rampiifier circuits .5. and 6 which are activated by the : 
active command' are never destroyed. by the column 
selection line CSL. which is activated by the read : 
command. The timing that the signal transferred : 
through the/ column selection' line CSL becomes active 
state (the" high level) in the read operation can be' 
made .earlier by two clocks than the timing of 'the 
write, operation . Therefore, the tRCD is rate- 
controlled . by the tRCD of the read operation. The 
tRCD indicates the. time from the clock to which the ' 
active command is inputted to the clock to which the 
column command is inputted.. 

. Furthermore, the tAA of the column address . 
delay operation mode is delayed for the. time of 
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t DELAY . On the other hand, it is possible that the 
tRCD of the column address delay operation mode is 
. made earlier by the time of t DELAY , comparing with the 
ordinary operation mode. 
5. . _ As described above, the semiconductor memory 

device of the present invention has flexibility to use 
circumstance, such as 'a data length and a burst length 
in a DDR- S DRAM in which the 2n-bit pre-fetch method is 
/adopted. Also it is possible to- output the. timing of 
. '.'1.0 . ',.the tRCD in. the . column address delay' operation 'mode- 

'earlier, compared with that of -the ordinary .operation . 
.mode , though -the . tW'RC is same as that .of: the..! or dinar y " 
;*■ ".'...'.'o'perat ion mode . : ' " . : "•• r . 



